The ability of gut microbiota to communicate with the brain and hence modulate behavior is an emerging novel concept in health and disease. The enteric microbiota interacts with the host to form essential relationships that govern homeostasis. Although enteric bacterial fingerprint of each individual is quite unique, there appears to be a certain balance that confers individual's health benefits. A developing number of studies demonstrated that the microbiome of the human digestive tract might have had an effect on the elements of the focal anxious framework (CNS), through recognized pathways called the gut-brain axis. Recent data showed that the human microbiome ecosystem interfered with the brain's development, central signaling systems, and behavior. It has been proposed that the disruption of the human microbiome may contribute to the etiology and course of some psychiatric disorders. Therefore, a decrease in the desirable gastrointestinal bacteria would lead to deterioration in gastrointestinal, neuroendocrine, immune functioning and consequently an illness. This review article presents an overview about the main pathways of the gut-brain axis and consequences of stress to the individual components.
INTRODUCTION
With a growing appreciation of the healthcare implications of an aging global population obtaining a better understanding of how the bidirectional interaction between the microbiome and gut-brain axis that influences agerelated changes in the brain functioning, must be a priority.
Recent studies have made it clear that microorganisms (gut microbiome) play an essential role in this communication process, and researchers are now finding that the microbiome-gut-brain axis does not only have an impact on our appetite and metabolism, but also influences our behaviour, thoughts, and mood (1) . The brain does not act in isolation of our body but in response to the needs of our organs.This emerging knowledge about the connections between the brain and the intestinal tract, leads to several new treatment opportunities against brain disorders (e.g., schizophrenia, depression, anxiety, and autism) and metabolic disorders (e.g., irritable bowel syndrome, IBS).
But for treating these diseases we need to understand the entire processes of the microbiome-gut-brain axis.This review article shows an overview about the main pathways of the gut brain axis. Furthermore it illustrates consequences of stress to the individual components (2) .
Gut-brain axis and its pathways
The gut-brain axis describes the biochemical signaling between the central nervous system (CNS) and the gastrointestinal tract. The communication of the gut-brain axis occurs directly and indirectly throughneuronal, endocrine, or immunological pathways in bidirectional ways (2) . The neuronal pathway involves beside the central nervous system also the autonomic nervous system (ANS) and the enteric nervous system (ENS). The ENS is also called 'second brain', because of its size and similarity in complexity, neurotransmitters, and signaling molecules (2).
Efferent effects modulate physiological response and immune activity, while afferent neurons convey information to the brain and are responsible for gut reflexes. Interestingly the ENS is also able to work independent from the brain (3).
The autonomic nervous system embraces the sympathetic and parasympathetic nervous system. The vagus nerve as part of the parasympathetic nervous system contains about 80% of afferent fibers that lead from the gut to the brain and turns out to play an important role in probiotic treatment Therefore, TLRs are interesting dueto leaky gut syndrome in which increased permeability of intestinal epithelium cells is impairing the barrier function of the epithelium in the gut (9) . Additionally, the tryptophan metabolism has influence on the gut-brain axis. Serotonin (5-HT), as a metabolite of tryptophan, is acting as a biogenic amine neurotransmitter in the body (11) and known to play an important role in mood disorders such as major depressive disorder, anxiety disorder, and schizophrenia (12) . Interestingly 95% of 5-HT releasing cells are located in the gastrointestinal tract (13) and responsible for secretion, sensing, and signaling (9) . It shows the importance of the relationship between the gut and the CNS in order to embrace brain disorders based on unbalanced 5-HT levels. It is also activating intrinsic and extrinsic primary afferent neurons (13) .
Gut microbiota
The microbiota includes primary bacteria but also viruses and protozoa and forms the so-called commensal (9) . An example is the production of short chain fatty acids (SCFA), which can cross the BBB (17). Thus, SCFA are able to interact with the immune system as they can activate the sympathetic nervous system (9) .
Also the development of HPA axis is dependent on the microbiome (9) . In contrast, the HPA axis can also effect the gut microbiome composition, which illustrates the bidirectional function of the gut-brain axis (6) . Microbiota functions as modulation of blood flow, motility, secretion permeability (18) . It fortifies the intestinal barrier and induces secretory IgA to limit bacterial penetration into tissues and facilitates nutrient absorption by metabolizing indigestible dietary compounds (16) .The gut microbiome is not only defending against pathogen colonization by producing antimicrobial substances, but also the guiding functionality of the immune system.
Intestinal barrier
The intestinal barrier is one of the most important components to prevent the body from several diseases. It 
Blood-brain barrier (BBB)
BBB shows some parallels to the intestinal barrier, as it also acts like filter and barrier to protect the CNS from the entry of damaging substances out of the circulation (17) . (21) . Thus the microbiome is able to change permeability. It was shown that the BBB of GF mice are a lot more permeable. Interestingly, it could be shown, that the BBB permeability could restore by fecal transfer of pathogen free mice (17) and the tight junction expression was increased (9) . Also SCFA (such as butyrate) are able to normalize the BBB permeability by increasing the expression of tight junction proteins. The SCFA can cross the BBB by using monocarboxylate transporter, which are especially expressed at the BBB (9).
Influence of stress and relationship with depression
Since the gut microbiota is interacting bidirectionally with the gastrointestinal tract, CNS, ANS, and the immune system, alterations of the gut microbiota can influence these components of the gut brain axis. Stress influences the energy homeostasis, intestinal barrier function, and microbiota composition. An unbalanced microbiota of symbionts and pathobionts can triggers inflammation (11, 22) could show that stress raises HPA axis function and immune response in male rats and induces long-term changes in visceral function and sensitivity as well as changes in microbiota diversity and composition. Thus, plasma corticosteroid evels of rats exposed to early life stress turn out to be higher compared to the control group (23) (24) (25) . Also neonatal stress can change composition and diversity of gut microbiota (22) . Exaggerated cortisol and adreno-corticotrophic hormone (ACTH) response to restraint stress in connection to hyperactivated HPA axis were also found in GF mice and show the link between HPA axis and gut microbiota. Interestingly, anxiety-like behavior in GF mice was decreased compared to specific pathogen free (SPF) mice (26) . This finding shows that anxiety-like behavior is not related to cortisol levels (27) .
Treatment with probiotics during early stress period normalizes basal cortisol levels as Lactobacillus farciminis reduces intestinal permeability and prevents HPA hypereactivity (28) . In another example Lactobacillus rhamnosus reduced depressive-like behavior and can also reverse inflammatory related behavior changes (5).
Bifidobacterium infantis seems to be effective in human studies with IBS patients by changing plasma proinflammatory to anti-inflammatory cytokine ratio
Stress is not only influencing the microbiome and the brain, but it also defects the intestinal barrier and lead to increased permeability and mast cell activation (16) , which in turn modulates inflammation and immunity (6) .
Translocation of bacteria across the intestinal mucosa opens a pathway opportunity how stress can influence the CNS (8). This 'leaky gut' describes a loss of barrier function and leads not only to the GI dysfunction but is also found in patients with psychiatric disorders, such as depression and chronic fatigue syndrome. However, it is unclear whether these disorders are cause or consequence of the 
